A typical multiple attribute decision making (MADM) model is a scientific analytical model for evaluating and improving a set of alternatives based on multiple criteria. However, this study identified some important new concepts and limitations/defects of traditional MADM for solving the real-world problems. First, the traditional MADM model assumes that criteria considered are independent and hierarchical in structure; however, the real-world problems often involve interdependent criteria, and thus interdependent models are required. Second, relatively good solutions from existing alternatives are replaced by the aspiration levels. Third, the trend has shifted from how to "rank" or "select" the most preferable alternatives, to how to "improve" their performances. Fourth, information fusion/aggregation, such as fuzzy integrals, basically, a non-additive/super-additive model, has been developed for performance aggregation. Therefore, to overcome the defects of the conventional MADM method and solve complex and dynamic real world problems, a Hybrid Dynamic Multiple Criteria Decision Making (HDMADM) method is needed. Finally, this study presented real cases to demonstrate the effectiveness of the HDMADM method for overcoming the defects of the conventional MADM method.
Introduction
Decision making (DM) regarding single criterion problems is highly intuitive, being a simple matter of choosing the alternative with the highest preference rating. However, when DM evaluates alternatives involving multiple criteria, numerous problems, including criteria weights, preferences or influence dependence, and conflicts among criteria, complicate the problems and require sophisticated solutions . Bernoulli proposed the expected-utility principle in 1738 (Luce, Raiffa 1957) . Additionally, von Neumann and Morgenstern (1944) presented an expected utility criterion that typically aggregates these elements in ranking possible actions to decide the optimal selection. In the early 1970s, multiple criteria decision making (MCDM) was introduced as a promising and important field of study, then, research on MCDM has been increasing extremely (Carlsson, Fullr 1996; Wallenius et al. 2008) . Multiple criteria decision making (MCDM) is a scientific analytical method for evaluating a set of alternatives by considering multiple criteria to determine a priority ranking and improvement for alternative implementation (Tsaur et al. 1997; Wang, Lee 2009; Chang et al. 2012) . MCDM methods generally aim to help decision-makers make better decisions by selecting the best from among multiple feasible alternatives under the presence of multiple choice criteria and diverse criteria priorities (Jankowski 1995; Mollaghasemi, Pet-Edwards 1997) . Additionally, MCDM methods attempt to improve decision quality, through clearer, more reasonable and more efficient decision processes. Hwang and Yoon (1981) classified MCDM problems into two main categories, namely multiple attribute decision making (MADM) and multiple objective decision making (MODM) (Fig. 1) , based on the different purposes and data types. The former mainly involve the evaluation/improvement/selection facets/dimensions, which are usually associated with a limited number of predetermined alternatives and discrete preference ratings. The latter category exist particularly in the areas of design/planning, and generally involve attempting to optimize goals by considering the various interactions within the given constrains, so that both decision and objective spaces are changeable in new research concepts. However, this study proposed that the traditional MCDM ignores some important new concepts and limitations/defects for solving the real-world problems. First, conventional MADM assumes independent criteria with a hierarchical structure. However, relationships among criteria or dimensions are usually interdependent for real-world problems, and in some cases feedback effects exist. The criteria in practical MADM problems are generally interactive, and thus some interdependent models have been proposed (such as DANP (DEMATEL-based ANP), etc.). Second, conventional MADM only obtains relatively good solutions from existing alternatives, but also avoids "choosing the best among inferior choices/options/alternatives", i.e. avoids "Pick the best apple from a barrel of rotten apples", it should be replaced by the aspiration levels. Third, conventional MADM merely allows the selection and ranking of alternatives or strategies, but these alternative methods shift the focus from how to conduct "ranking" or "selection" of the most preferable alternatives to how to "improve" them. Fourth, information fusion/aggregation, such as fuzzy integral, a non-additive/super-additive model, has been developed for performance aggregation. Therefore, a Hybrid Dynamic Multiple Attribute Decision Making (HDMADM) method is needed to overcome the defects of the
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Technological and Economic Development of Economy, 2013, 19(4): 638-660 conventional MADM method and solve the complications of dynamic problems in the real world (Campanella, Ribeiro 2011) . This study presented two categories of HDMADM. The first category used the basic concept of ANP (Saaty 1996) with DEMATEL (call DANP, DEMATEL-based ANP) to yield influential weights of dimensions/criteria, and combined influential weights with the additive types of VIKOR. The second category also used DANP to yield influential weights of dimensions/criteria, but combined the influential weights of the DANP with non-additive/super-additive types of fuzzy integral to assess and improve complex practical problems. Finally, this study presented two empirical cases to demonstrate the ability of the HDMADM method to overcome the defects of the conventional MADM method. The remainder of this paper is organized as follows. Section 1 reviews the MCDM method. Section 2 then introduce the HDMADM method. Subsequently, Section 3 presents some empirical cases to demonstrate the effectiveness of the HDMADM method. Finally, the last section presents conclusions.
MCDM method
For studies wishing to know how to develop improvement strategies to achieve the goal or aspiration level, for example pursuing higher performance, competitiveness and satisfactory service, an important question is which research methods are most suitable and practical for solving real world problems. Based on the above thinking, the first part of the study attempts to figure out how many attributes or criteria should consider. On the other hand, the study must collect adequate data that reflect the behaviors of attributes or criteria. Additionally, the study should build a set of possible alternatives or strategies to guarantee that the goal or aspiration level is achieved using MCDM methods. Then, the next step is to select appropriate MCDM methods that help decision-makers to evaluate, improve and choose possible alternatives or strategies. Multiple criteria decision making (MCDM) is a scientific analytical method for evaluating a set of alternatives based on multiple criteria (Campanella, Ribeiro 2011; Tsaur et al. 1997; Wang, Lee 2009; Loban 1997) . MCDM techniques have been used in recent years to solve a wide variety of problems (Chen, Liao 2004; Hung, Chiang 2008; Ou Yang et al. 2008) , such as supplier selection (Deng, Chan 2011) ; performance evaluation of higher education (Wu et al. 2012) ; improving airline's service quality (Kuo 2011) ; evaluating website quality (Chou, Cheng 2012) ; product design and selection (Liu 2011) ; evaluating hot spring hotels service quality (Tseng 2011) ; prioritizing sustainable electricity production technologies (Streimikiene et al. 2012) , etc. Additionally, most MCDM problems in the real world thus occur in hybrid situations, which include goals, aspects (or dimensions), attributes (or criteria), and possible alternatives (or strategies). Furthermore, most real-world decision problems are dynamic, however, the traditional MCDM model is unable to capture this dynamicity (Campanella, Ribeiro 2011) and hybrid situation, thus, should develop a suitable HDMADM method to solve complication dynamic problems in the real world.
Methodology for solving the real world problems
This section is divided into five parts: the first part describes the concept of HDMADM method, the second part presents DEMATEL method, the third part presents DANP, the fourth part presents VIKOR method, and the last part describes fuzzy integral for focusing on how to aggregate the performance in non-additive/super-additive situations to suit the real world problems.
Hybrid Dynamic Multiple Attribute Decision Making (HDMADM)
This study proposed the DEMATEL technique and combines a DANP with additive types of VIKOR and non-additive types of fuzzy integral to address the problems of conventional MADM method. The DEMATEL technique is used to build an influential network relations map (INRM), then for obtaining the influential weights of each criterion, DANP use the basic concept of ANP (Saaty 1996) and taking the transpose of normalized total-influence matrix c T (denoting α ′ ( ) 
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DEMATEL method
DEMATEL is an analytical technique for building a structural model. DEMATEL is mainly used to clarify and solve complex problems. DEMATEL uses matrix and related mathematical theories (Boolean operation) to calculate the cause and effect relationships involved in each element. This technique is widely used to solve various complex problems, and particularly to understand complex problem structures and provide practical problem-solving methods. The DEMATEL technique involves five steps (see Appendix A). The first step is to confirm that the system has n elements and develop the evaluation scale, using a pair-wise of dimensions to perform the comparison, and also using the measuring scale 0, 1, 2, 3, 4, where (0) represents no influence whatsoever, (1) represents low influence, (2) represents medium influence, (3) represents high influence, and (4) represents extremely high influence. The second step calculates the initial matrix to directly obtain the influential matrix (Lin, Tzeng 2009; Chen et al. 2010) . The third step normalizes the matrix such that at least one column or row, but not all, sums to one. The fourth step then obtains the total influence matrix. Finally, the fifth step builds the influential network relation map (INRM).
Finding the influential weights using DANP
This study not only uses the DEMATEL technique to build the interactive relationship among the various dimensions/criteria, but also seeks the most accurate influential weights. This study found that ANP can serve this purpose. This study used the basic concept of ANP (Saaty 1996) , which eliminates the limitations of Analytic Hierarchy Process (AHP) and is applied to solve nonlinear and complex network relations (Saaty 1996) . DANP is intended to solve interdependence and feedback problems of criteria in influential weights. This study thus applies the characteristics of influential weights based on basic concept of ANP and combines them with DEMATEL (call DANP, DEMATEL-based ANP) to solve these kinds of problems (see Appendix B). This approach yields more practical results in real world problem.
VIKOR Method
The VIKOR (VlseKriterijumska Optimizacija I Kompromisno Resenje) method (see Appendix C) was developed for multicriteria optimization of complex systems. It introduces the multicriteria ranking index based on the particular measure of "closeness" to the "ideal" solution (Opricovic 1998) . VIKOR uses the class distance function (Yu 1973) based on the concept of Peng, G.-H. Tzeng. A hybrid dynamic mAdm model for problem-improvement ... the positive-ideal (or in this study adopt the Aspiration level) solution and negative-ideal (or in this study adopt the Worst level) solution and orders the results. For normalized class distance function it is better to be near the positive-ideal points (the aspiration level) and far from the negative-ideal point (the worst value) for normalized class distance function Ho et al. 2011 ). Opricovic and Tzeng (2004) proposed the compromise ranking method (VIKOR) as a suitable technique for implementation within MCDM (Tzeng et al. 2002a (Tzeng et al. , b, 2005 Opricovic, Tzeng 2002 . VIKOR comprises the following steps: The first step is to check the best and worst values of the assessment criteria. The second step is to calculate the mean group utility based on the sum of all individual-criterion regrets (i.e. average overall performance gaps, and those for each dimension, and for each criterion; and strategies for reducing these gaps), and calculate the maximal regret for an individual-criterion for improvement priority, both overall and for each dimension. The third step is to obtain the comprehensive/integrating indicators and sort the results provided to the decision-maker to implement improvement strategies and reduce competitiveness gaps in both overall performance and individual dimensions of performance.
The λ fuzzy measure and fuzzy integral
In order to overcome non-additive problem, Sugeno (1974) introduced the concept of fuzzy measure and fuzzy integral (see Appendix D). This study presents that used DANP to yield influential weights of dimensions/criteria, then combined the influential weights of the DANP with non-additive types of fuzzy integral to integrate the performance gaps and improve complex practical problems.
An empirical case
This section comprises two parts: the first part describes an empirical case involving Taiwan to explore strategies for improving tourism destination competitiveness (TDC) based on a HDMADM model using DEMATEL, DANP and VIKOR; the second part presents an empirical case involving a Taiwanese company for supplier evaluation and improvement based on a fuzzy integral-based hybrid MADM model that addresses the dependence/relationships among the various criteria and the non-additive gap-weighted analysis.
Tourism destination competitiveness (TDC) of Taiwan
The following presents an empirical case involving Taiwan to explore strategies for improving tourism destination competitiveness (TDC) using a HDMADM model. This study identifies three dimensions of expert cognition and opinion, and also identifies the relationship between the degrees of the impact, which is compared with other dimensions, as listed in Table 1 . According to the total influential prominence ( ) 
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Technological and Economic Development of Economy, 2013, 19(4): 638-660 Table 2 lists the relationship between the direct or indirect impacts and compares them with other criteria. "Prioritization of Travel and Tourism (C 5 )" is the most important criterion among those considered; additionally, "Safety and security (C 3 )" is the criterion with the smallest impact on other criteria. Furthermore, Table 2 shows that "Policy rules and regulations (C 1 )" has the strongest relationship among all the criteria. Otherwise, "Tourism infrastructure (C 8 )" is the most vulnerable criteria to outside influences. t is the average influence of i criterion on j; and n denotes number of dimensions, here 3 n = and n × n matrix. This study builds the assessment model using DEMATEL, which is combined with the DANP (DEMATEL-based ANP) model to obtain the influential weights of each criterion, as listed in Table 2 . Furthermore, the influential weights combine with the VIKOR in weightings to assess the priority of problem-solving improvement based on the competitiveness gaps identified by VIKOR and the influential relation map.
A real case involving Taiwan is used to assess the total competitiveness using the VIKOR method, as listed in Table 3 . The scores of each criterion and the total average gap ( ) k S of Taiwan are obtained, using the relative influential weights from DANP to multiply the gap ( ) kj r . Consequently, this study obtains the total competitiveness gap of Taiwan. Additionally, to improve the human cultural and natural resources (D 3 ) dimension, this study finds that the criterion of "Natural resources (C 13 )" is the maximal performance gap. Furthermore, the criterion of "Human resources (C 11 )" is the most important and influential criterion, and thus can be considered the critical criterion for improving natural resources. Thus, "Human resources (C 11 )" can be considered the critical criterion for improving the regulatory framework. Additionally, the comprehensive indicator ( ) k R can be obtained, (Fig. 3 ) can obtain valuable cues for making accurate decisions. This system structure model reveals that Taiwan suffers a significant gap in the "Human cultural and natural resources (D 3 )" dimensions, making it necessary focus on the "Regulatory framework (D 1 )" dimensions for improving the TDC of Taiwan. Furthermore, for improving the regulatory framework (D 1 ) dimension, this study finds that the criterion of "Health and hygiene (C 4 )" prioritizes reducing the maximal competitiveness gap. Fig. 3 reveals that the criteria of "Policy rules and regulations (C 1 )", "Prioritization of Travel & Tourism (C 5 )" and Environmental sustainability (C 2 ) are the most important and influential criteria because they are most closely related to other criteria in the (D 1 ) dimension. Addi tionally, for improving the human cultural and natural resources (D 3 ) dimension, this study finds that the criterion of "Natural resources (C 13 )" is the maximal performance gap. Furthermore, the criteria of "Human resources (C 11 )" is the most important and influential criteria, and thus can be considered the critical criteria for improving natural resources. Thus, the criteria of "Human resources (C 11 )" can be considered the critical criterion for improving the regulatory framework.
Consequently, Fig. 3 shows valuable cues for making accurate decisions. The influential network relations map provides an initial tool for demonstrating that the degrees of influence differ among dimensions and criteria. This study utilizes the most important and influential criteria as critical factors to improve the maximal gap of competitiveness.
Supplier evaluation and improvement involving a Taiwanese company
The supplier selection four dimensions and 11 criteria are developed based on literature review and discussions with the managers of the case company. Following the DEMATEL method, the influential network-relationship can be visualized by drawing an influential network-relationship map (INRM) of the four dimensions and their subsystems, as shown in Fig. 4 (the contents summarized from Tzengs' research group ).
This real case study used the DANP (DEMATEL-based ANP) model to obtain the influential weights of each criterion, as listed in Table 4 . 
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Technological and Economic Development of Economy, 2013, 19(4): 638-660 This real case study utilizes fuzzy integrals to aggregate the weighted gaps. Because the criteria within the same dimension have interdependent relationships, their weighted gaps should be integrated rather than being treated as individual values. Similarly, the integrated weighted gaps of the four dimensions should be further considered with their final synthesized values. Through a questionnaire survey conducted by managers of the case study company, the fuzzy integral l values, which range from -1 to positive infinity ∞ (i.e. 1 ) − ≤ λ < ∞ , that represent the properties of substitution or multiplication between criteria are obtained. Substitutive effects exist among attributes of risk, and a multiplicative effect exists among compatibility, quality, and cost. Table 5 lists the l values and the fuzzy measures g (•) .The integrated weighted gaps of each potential supplier are then calculated as shown in Table 6 (the contents summarized from Tzengs' research group ). 
Fuzzy Measure g(•)
Quality ( (non-additive). Source: .
Continued Table 5 649 Technological and Economic Development of Economy, 2013, 19(4): 638-660 In the case study, the proposed fuzzy integral-based model addresses this problem, and the results reveal a different priority: 3 2 1 4 5
A A A A A     (Table 6 ). Obviously, A 3 is the best service provider considering both the criterion weights and performance interdependence. This non-additive model should be more reasonable than previous additive models because if network relationships exist between criteria, the performances should have the same effect (the contents summarized from Tzengs' research group ).
Conclusions
This study proposed some important new concepts and limit limitations/defects of traditional MADM. Additionally, this study presented empirical cases to demonstrate that the HDMADM method could overcome the defects of the conventional MADM method. First, the traditional model assumes that the criteria are independent and hierarchical in structure; however, realworld problems frequently involve interdependent criteria. This study presented a HDMADM method that applies the characteristics of influential weights ANP and combines them with DEMATEL (call DANP, DEMATEL-based ANP) to solve interdependence and feedback problems of criteria. Second, the VIKOR method set the best * j f values as the aspiration level and the worst j f − values as the tolerable level for all criterion functions, 1,2,..., j n = to avoid "Choosing the best among a range of inferior choices/options/alternatives" (i.e. this study avoids picking the best from a barrel of rotten apples). Third, the HDMADM method shifts the concept from the "ranking" or "selection" of the most preferable alternatives to the "improvement" of their performances or competitiveness to achieve the aspiration level based on influential network relation map (INRM) using the DEMATEL technique. Finally, this study describes an empirical case involving supplier evaluation and improvement of Taiwanese company based on a novel fuzzy integral-based hybrid MADM model that addresses the dependence/relationships among the various criteria and non-additive gap-weighted analysis.
Appendix A. DEMATEL technique
The DEMATEL technique is used to construct the interactions/interrelationship between criteria to build an influential relation map. The method is divided into three steps:
Step 1: Find the average influence matrix A The first step is to calculate initial matrix, using pair of degree of interaction/interrelationship to obtain directly influence matrix [ ]
, where ij a represents the degree of effect on i factor effects j factor (Lin, Tzeng 2009; Chen et al. 2010 ).
where h is the h th expert and 1,2,..., h H = .
Step 2: Calculate the normalized influence matrix X When the elements of i have a direct effect on the elements of j, then 0 ij a ≠ , otherwise 0 ij a = . The second step is to normalize the matrix. It can be obtained from Eqs. (2) and (3). Its diagonal is 0, and maximum sum of row or column is 1, but not all.
where
Step 3: Compute the total influence matrix T The total-influence matrix T can be obtained through Eq. (4), in which I denotes the identity matrix. 
Explanation: 
Step 3: Obtain the comprehensive indicator k R and sorting results The values can be computed respectively by Eq. (18). (the majority of criteria), it could be adjusted depends on the situation.
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K.-H. Peng, G.-H. Tzeng. A hybrid dynamic mAdm model for problem-improvement ... The fuzzy integral defined in Eq. (22) is called the Choquet integral (Sugeno 1974; Ishii, Sugeno 1985; Sugeno et al. 1998; Chen et al. 2000 Chen et al. , 2001a Chiou, Tzeng 2002 Chiou et al. 2005; Liou, Tzeng 2007; Chu et al. 2007; Larbani et al. 2011) . Using the fuzzy integral to formulate the original data can not only extract fewer and more representative factors to describe the system, but can also consider the interactions between attributes. This study used ∫ h dg = a in as the integrated weighted gaps of cluster C n at alternative i. , and a Chair Professor at Chiao Tung University. His current research interests include statistics, multivariate analysis, network, routing and scheduling, multiple criteria decision making, fuzzy theory, hierarchical structure analysis for applying to technology management, energy, environment, transportation systems, transportation investment, logistics, location, urban planning, tourism, technology management, electronic commerce, global supply chain, etc. h(x n-1 )
g(H n-1 )
x n x n-1 x 1 x 2
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